Congenital heart defects are a major congenital abnormality and are assuming increasing importance. A study was undertaken to estimate the incidence of congenital heart defects in Northern
hernias, undescended testes) as the sole ECA left 62 (6-5%) with a major ECA. In addition, excluding those with epilepsy or mental handicap as the sole ECA left 51 (5 4%) with a major ECA. Since parents are often reassured after the birth of a child with a congenital heart defect that their risk of having a child with a noncardiac abnormality is no greater than the general population this finding has important implications for genetic counselling. (J Med Genet 1994; 31:858-863) Many studies'-1" have looked at the incidence of congenital heart defects (CHD) using different methods of ascertainment and differing follow up periods. Some studies6"" have looked at the incidence of congenital heart defects in the first year of life and, with the advent of echocardiography, have been able to diagnose lesions more accurately by non-invasive means.
The aim of this study, which allowed a follow up period of 6 to 10 years (1979-1984) , was to obtain an accurate estimate of the incidence of CHD in Northern Ireland. It included the total live-and stillbirth population over a five year period (1974) (1975) (1976) (1977) (1978) but unfortunately echocardiography was not available for all patients during the period of study.
Previous studies346"' 1-14 have shown a recurrence risk in sibs varying from 1 4% to 3 4%. To ascertain the recurrence risk in Northern Ireland, selected families identified by the incidence study were examined in greater detail. In addition it was decided to look at the age at diagnosis of the congenital heart defect to see what proportion escaped detection in the first year of life.
Many studies'6 [15] [16] [17] [18] [19] [20] [21] have shown that the prevalence of extracardiac abnormalities (ECA) in patients with congenital heart defects is much higher than in the general population, varying from 9% to 30%. In addition, several investigators have examined the prevalence of ECA associated with specific congenital heart defects.
Campbell ' Some studies included only "major" abnormalities, while others included "minor" abnormalities, for example, inguinal hernia, undescended testis. Some were restricted to congenital malformations while others also included epilepsy and mental handicap. Overall, it appeared that the majority of ECA were related to the musculoskeletal, genitourinary, or gastrointestinal systems. We were interested to ascertain if similar associations were found in our population.
Subjects and methods
Multiple independent sources of ascertainment of infants with congenital heart defects were available in Northern Ireland during the study period. These included hospital cardiology records, the Registrar General's Congenital Malformation Notification, the Child Health System, necropsy records, death certificates, records of the Department of Medical Genetics, and neonatal paediatric records. To estimate the recurrence risk in sibs, the family history of children with a congenital heart defect was documented. It was decided to investigate only the families of children in whom the diagnosis had been confirmed by catheter studies, surgery, or necropsy since echocardiography was not available for all patients during the period of study and was only becoming established during our follow up period (1979) (1980) (1981) (1982) (1983) (1984) .
During the period (1974-1978 inclusive) , 972 children with a congenital heart defect were ascertained. Of these, 417 had the diagnosis confirmed by invasive criteria (catheter studies, surgery, or necropsy). In this group 388 families (93%) were traced, the parents were interviewed, and a detailed pedigree obtained.25
Efforts were made to obtain all relevant hospital notes.
Results

INCIDENCE
During the five year study period (1974) (1975) (1976) (1977) (1978) , 972 patients with a congenital heart defect were Of the 417 index patients who had the diagnosis confirmed by catheter studies, surgery, or necropsy, 388 (93%) were traced. Only 29 families (7-0%) could not be contacted. Of these 24 could not be traced, four had moved from Northern Ireland, and the remaining child was in long term foster care and his natural mother was unavailable. The 388 index patients had a total of 952 sibs of whom 28 (2 9%) had a congenital heart defect. There were also 32 half sibs, of whom one (3 1 %) had a congenital heart defect. A chromosomal abnormality was identified in 12 of the index patients. When these patients were excluded this left 376 index patients with a CHD confirmed by catheter studies, surgery, or necropsy who had been traced. When the sibs of the 12 index patients with a chromosomal abnormality were excluded, this left 921 sibs of whom 28 (3 0%) had a congenital heart defect. Seven of the index patients had syndromes which were known to be associated with congenital heart defects (three with Noonan, one with Holt-Oram, one with Klippel-Feil, one with fetal hydantoin, and one with Goldenhar (oculoauriculovertebral) syndrome). When these patients were excluded this left 369 index patients who had 909 sibs of whom 28 (3 1%) had a congenital heart defect.
There were 11 index patients who had a parent with a documented congenital heart defect (table 3) . When these index patients were excluded this left 358 index patients who had 896 sibs of whom 23 (2-6%) had a congenital heart defect. Within the families with an affected parent and child, the recurrence risk was 38% (five recurrences out of 13 sibs).
AGE AT DIAGNOSIS Table 4 shows the age at diagnosis. Under six weeks 62-9% of children with a congenital heart defect were detected, and by one year the figure had risen to 87 9%. Thus, 12 1% remained undetected at one year. Of those 47 cases which remained undiagnosed at one year, 17 had Table 6 shows the extracardiac abnormalities in association with specific congenital heart defects in the 388 index patients (patients with chromosomal abnormalities and known syndromes included). Half the patients with A-V (AVC) canal defect had an ECA (Down syndrome in four of the five cases with an ECA), and more than a quarter of index patients with multiple heart defects, ventricular septal defect (VSD), or truncus arteriosus (Tr Art) had ECA. Between 20 and 25% of patients with patent ductus arteriosus (PDA) or pulmonary stenosis (PS) had ECA, and between 10 and 20% of patients with atrial septal defect (ASD), coarctation of the aorta (CoA), tetralogy of Fallot (TF), or transposition of great vessels (TV) had ECA.
Of the five index patients with Tr Art who had an ECA, one had four toes on the right foot and three on the left foot, one had a bifid big toe, and a third had absence of the left thumb and radius. Two of the five patients had bilateral iris colobomata. No other association was noted between specific heart defects and specific types of ECA.
EXTRACARDIAC ABNORMALITIES IN SIBS
Of the 952 sibs, 72 (7 6%) had one or more ECA. When minor abnormalities such as inguinal hernia or undescended testes were excluded, this left 62 (6 5%) with a major ECA. Of these, eight had mental handicap and three others had epilepsy as the sole ECA. When these were excluded, 51 (5 4%) had a major ECA. Table 7 shows the distribution of ECA (11-9%) were ascertained solely by the neonatal recording system and 25 cases (2-6%) were diagnosed only at necropsy. Most cases ascertained by examination of neonatal records had also been assessed by a paediatric cardiologist but were not always entered in the cardiologist's records.
The overall recurrence rate among sibs of 3-1% (excluding index patients with chromoso- (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) examined the age at diagnosis of patients with a congenital heart defect and found that 74% were diagnosed before 3 Selection of index patients will obviously be an important factor in the estimate of ECA in children with congenital heart defects. In this study only families where the defect had been confirmed by invasive criteria (catheter studies, surgery, or necropsy) were included. This selection criteria meant that less severe defects and chromosomal abnormalities were underrepresented, as these were less likely to have further invasive investigations. Ascertainment of children with multiple abnormalities will also be affected since fewer will have further cardiac investigations but more may have necropsy.
These selection biases makes it difficult to be sure if the figure of 24 7% of index patients with an ECA is an over-or underestimate. However, it is comparable with that found in most other studies' 1517-20 and is in good agreement with the figure of 25 7% found by Stoll et al,6 who also found that the most frequent ECA were in the gastrointestinal, musculoskeletal, and urinary systems. The 9% found by Campbell'6 is probably an underestimate as he included only patients suitable for cardiac surgery. Several studies' 151920 also included a higher proportion of index patients with Down syndrome, and these accounted for 23 to 29%
of their index patients with ECA. Heinonen'8 and Scott'9 also found a signficant number of index patients with other syndromes (11 9% and 4 9% respectively).
Our finding of 24 7% of index patients with ECA which is approximately 10 times the incidence of major congenital abnormalities in our population30 highlights the importance of looking for other abnormalities in a child with a congenital heart defect. However, the numbers in our study were too small to comment meaningfully on the prevalence of ECA associated with specific congenital heart defects. 
